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(54) Full circumferential flow pump 

(57) A full-circumferential flow pump includes an 
outer cylinder and a motor housed in the outer cylinder. 
The motor has a motor frame, a stator disposed in the 
motor frame, a main shaft, a rotor mounted on the main 
shaft and rotatably disposed in the stator. The outer cyl- 
inder defines an annular space defined around the motor 
frame, the outer cylinder having a pump suction port 
defined therein for introducing a fluid therethrough into 



the annular space. A pump unit is mounted on an end of 
the main shaft, and the outer cylinder has a discharge 
window defined therein for discharging a fluid from the 
pump unit. A discharge case is mounted on an outer cir- 
cumferential surface of the outer cylinder in communica- 
tion with the discharge window, the discharge case 
having a pump discharge port. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a full-circumferential 
flow pump, and more particularly to a full-circumferential 
flow pump having an impeller on an end of a shaft of a 
motor, with an annular space or flow passage defined 
around the motor. 

Description of the Prior Art: 

German laid-open patent publication No. 1,653,692 
(DE 1 ,653,692) discloses a pump in which a fluid being 
handled flows around a motor. The disclosed pump 
allows its main shaft to be rotated manually and also 
allows pump units to be inspected and serviced for main- 
tenance without the need for removing pipes connected 
to the pump. 

FIG. 9 of the accompanying drawings shows the dis- 
closed pump. As shown in FIG. 9, the pump has a block- 
like main body 100, a motor stator 101 housed therein, 
and a motor rotor 102 disposed in the motor stator 101 
with a small clearance between the motor stator 1 01 and 
the motor rotor 102. Impellers 103, 104 are fixedly 
mounted on respective opposite ends of the motor rotor 
102. A fluid flows from a pump suction port 105 into the 
block body 1 01 , is divided into two lateral flows which are 
then pressurized by the impellers 103, 104. The impel- 
lers 1 03, 1 04 discharge the respective fluid flows, which 
are then merged and discharged from the main body 1 01 
through a discharge port 106. 

The disclosed pump shown in FIG. 1 is highly likely 
to suffer problems which arise due to pressure irregular- 
ities applied to the motor stator 101. More specifically, 
the pump has three different regions around the motor 
which include: 

1) a region in which the fluid under a suction pres- 
sure flows; 

2) a region in which thef luid under a discharge pres- 
sure flows; and 

3) a region in which no fluid flows at all. 

On account of these different regions, the pressure 
(external force) imposed on the motor stator 101 is not 
uniform, tending to strain or deform the motor stator 101 . 

Furthermore, since the discharge pressure is 
applied to the motor, especially its rotor chambers, the 
pump is not suitable for use in applications under high 
discharge pressure. The pump may possibly be open to 
difficulties when it is incorporated in a unit pump system 
in which pumps are series-connected to produce a high 
pump head. 

The pump is highly liable to suffer drawbacks when 
an outer motor frame is made of thin sheet metal and 
also the pump discharge pressure is high. When sub- 



jected to external forces such as loads from the piping, 
the motor of the disclosed pump tends to cause trouble 
because the outer motor frame and an outer cylinder of 
the pump are integrally formed with each other. 

5 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a full-circumferential flow pump which is 
w arranged to unrformize external forces (external pres- 
sure) applied to an outer motor frame surrounding a 
motor stator to prevent the outer motor frame from being 
strained or deformed, and which prevents a pump dis- 
charge pressure from being applied to a motor including 
is rotor chambers so as to make the pump suitable for 
developing a high discharge pressure. 

Another object of the present invention is to provide 
a full-circumferential flow pump which allows internal 
mechanisms to be inspected and serviced for mainte- 
20 nance without the need for removal of pipes connected 
to the pump. 

To achieve the above object, there is provided in 
accordance with the present invention a full-circumfer- 
ential flow pump comprising: an outer cylinder; a motor 
25 housed in the outer cylinder, the motor having a motor 
frame, a stator disposed in the motor frame, a main shaft, 
a rotor mounted on the main shaft and rotatably disposed 
in the stator, the outer cylinder defining an annular space 
defined around the motor frame, the outer cylinder hav- 
30 ing a pump suction port defined therein for introducing a 
fluid therethrough into the annular space and adischarge 
window defined therein for discharging a fluid there- 
through; a pump unit having an impeller mounted on an 
end of the main shaftfor pumping af bid; and adischarge 
35 case mounted on an outer circumferential surface of the 
outer cylinder and having a discharge port for discharg- 
ing a pumped fluid therethrough and through the dis- 
charge window. 

A fluid drawn in through the pump suction port is 
40 introduced through the annular space into the pump unit. 
The fluid pressurized and discharged by the pump unit 
flows through the discharge window into the discharge 
case, from which the fluid is discharged through the 
pump discharge port out of the pump. The cylindrical 
45 motor frame is fully circumferentially surrounded by the 
fluid that is drawn into the pump. Therefore, the cylindri- 
cal motor frame is subject to a uniform pressure and will 
not be strained or deformed irregularly. 

Inasmuch as only the pressure under which thef luid 
so is drawn into the pump is applied to the outer cylinder, 
the motor frame, and a rotor chamber in the motor, the 
full-circumferential flow pump is suitable especially for 
use in applications under high discharge pressures. If the 
motor comprises a canned motor, then the pressure 
55 resistance of the motor depends on the wall thickness of 
the can of the canned motor. However, the wall thickness 
of the can cannot substantially be increased due to lim- 
itations imposed by the electric characteristics of the 
canned motor. For this reason, the structure of the full- 
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circumferential flow pump according to the present 
invention is effective particularly if the motor used is a 
canned motor. The full-circumferential flow pump 
according to the present invention is also useful in appli- 
cations where a plurality of pumps are series-connected 5 
in operation. 

According to the present invention, there is also pro- 
vided a full-circumferential-flow double-suction pump 
comprising: an outer cylinder; a motor housed in the 
outer cylinder, the motor having a motor frame, a stator 10 
disposed in the motor frame, a main shaft, a rotor 
mounted on the main shaft and rotatably disposed in the 
stator, the outer cylinder defining an annular space 
defined around the motor frame, the outer cylinder hav- 
ing a pump suction port defined therein for introducing a 15 
fluid therethrough into the annular space and a pair of 
discharge windows defined therein for discharging a fluid 
therethrough; a pair of pump units mounted on respec- 
tive opposite ends of the main shaft for pumping a fluid, 
the pump unit having an impeller; and a discharge case 20 
mounted on an outer circumferential surface of the outer 
cylinder and having a pump discharge port for discharg- 
ing a pumped fluid therethrough and through the dis- 
charge windows. 

The above and other objects, features, and advan- 25 
tages of the present invention will become apparent from 
the following description when taken in conjunction with 
the accompanying drawings which illustrate preferred 
embodiments of the present invention by way of exam- 
ple. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a full-circumfer- 
ential flow pump according to a first embodiment of 35 
the present invention; 

FIG. 2 is a cross-sectional view taken along line II - 
II of FIG. 1; 

FIG. 3 is a cross-sectional view taken along line III - 
Ml of FIG. 1; 40 
FIG. 4 is a view as viewed in the direction indicated 
by the arrow IV in FIG. 3; 

FIG. 5 is an enlarged cross-sectional view of a dis- 
charge window, a seal member, and their surround- 
ing regions shown in FIG. 1 ; 45 
FIG. 6A is a front elevational view of the full-circum- 
ferential flow pump shown in FIG. 1 ; 
FIG. 6B is a side elevational view of the full-circum- 
ferential flow pump shown in FIG. 1 , as viewed in the 
direction indicated by the arrow Vl(b); so 
FIG. 7 is a cross-sectional view of a full -circumfer- 
ential flow pump according to a second embodiment 
of the present invention; 

FIG. 8 is a cross-sectional view of a full-circumfer- 
ential f tow pump according to a third embodiment of 55 
the present invention; and 

FIG. 9 is a cross -sectional view of a conventional 
pump. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIGS. 1 and 2, a full-circumferential flow 
pump according to a first embodiment of the present 
invention is of the double-suction type and has a canned 
motor 1 disposed centrally therein and pairs of impellers 
3A, 4A and impellers 3B, 4B mounted respectively on 
opposite ends of a rotatable main shaft 2 of the canned 
motor 1, each of the impellers having a suction port 
opening axially inwardly. The pairs of impellers 3A, 4A 
and impellers 3B. 4B are part of respective pump units 
that are positioned axially one on each side of the canned 
motor 1 . These pump units have the same shut-off head 
but different flow rates. The canned motor 1 and the 
impellers 3A, 4A and 3B, 4B are housed in an outer cyl- 
inder 5 and a pair of end covers 6, 7. The end covers 6, 
7 are removably joined respectively to opposite ends of 
the outer cylinder 5 by flanges 8, 9. The impellers 3 A, 4A 
and 3B, 4B are composed of vanes made of sheet metal . 

As shown in FIG. 1 , the outer cylinder 5 has a pump 
suction port 5a defined centrally in its circumferential wall 
and axially spaced discharge windows 5b, 5c defined in 
its circumferential wall near the respective opposite ends 
thereof in diametrically opposite relationship to the pump 
suction port 5a. A suction nozzle 41 is fixed to the outer 
circumferential surface of the outer cylinder 5 over the 
pump suction port 5a, with a suction flange 42 secured 
to the suction nozzle 41 . A discharge case 1 0 is mounted 
on the outer circumferential surface of the outer cylinder 
5 over the discharge windows 5b, 5c, thus interconnect- 
ing the discharge windows 5b, 5c. The discharge case 
10 has a pump discharge port 10a opening centrally 
therein in diametrically opposite relationship to the suc- 
tion pot 5a. As shown in FIG. 3, the discharge windows 
5b, 5c defined in the outer cylinder 5 have a circumfer- 
ential width \N<\ which is the same as the width W 2 of the 
discharge case 10, so that no air will be trapped in the 
discharge case 10. A discharge nozzle 1 1 is secured to 
the outer surface of the discharge case 1 0 in registry with 
the pump discharge port 10a. A discharge flange 12 is 
secured to the discharge nozzle 1 1 . 

The outer cylinder 5 houses therein axially spaced 
partition walls 15 which accommodate the respective 
pairs of impellers 3A, 4A and 3B, 4B. The partition walls 
15, each of which is substantially in the form of a cylin- 
drical container, carry resilient seal members 16 such as 
of rubber fixedly mounted on respective open ends 
thereof, and have respective discharge openings 15a 
defined in closed ends or bottoms thereof. The resilient 
seal members 16 are held against the inner circumfer- 
ential surface of the outer cylinder 5 for preventing a fluid 
discharged by the pump units from leaking back toward 
the pump suction port 5a. 

As shown in FIG. 4, the discharge windows 5b, 5c 
(only the discharge windows 5b are shown) defined in 
the outer cylinder 5 have a plurality of bars 55 axially 
extending thereacross. The bars 55 allow the partition 
walls 15 with the seal members 16 carried thereon to be 
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easily inserted into a position in the outer cylinder 5 
beyond the discharge windows 5b, 5c. 

As shown in FIG. 5, the partition walls 15 (only one 
of them are shown) have stoppers 56 on their open ends 
which extend radially outwardly in sandwiching relation- 
ship to the seal members 1 6 for thereby retaining the seal 
members 16 from being accidentally dislodged. The 
outer cylinder 5 has enlarged cylinder portions 5d dis- 
posed on discharge sides of the pump units and slightly 
projecting radially outwardly. The enlarged cylinder por- 
tions 5d are also effective to insert the partition walls 15 
with the seal members 16 carried thereon easily into the 
outer cylinder 5 beyond the discharge windows 5b, 5c. 
Furthermore, the enlarged cylinder portions 5d serve to 
prevent the discharge windows 5b, 5c from being 
deformed in the direction indicated by the arrow due to 
the difference between pressures inside and outside of 
the outer cylinder 5. The enlarged cylinder portions 5d 
are also effective in keeping the outer cylinder 5 cylindri- 
cal in shape and mechanically strong at a desired level. 

As shown in FIG. 1, the partitions 15 house therein 
respective pairs of axiaily spaced holders 46 which hold 
respective liner rings 45, respective return guide vanes 
47 positioned between the holders 46 for guiding a fluid 
discharged from the impellers 3A, 3B toward the impel- 
lers 4A. 4B. and respective return guide vanes 48 posi- 
tioned axiaily outwardly of the impellers 4A. 4B for 
guiding the fluid discharged from the impellers 4A, 4B to 
flow radially inwardly. 

An annular space or flow passage 40 is defined 
between the outer cylinder 5 and a motor frame 24 of the 
canned motor 1. The motor frame 24 comprises a sub- 
stantially cylindrical outer frame 25 and a pair of side 
frame plates 26, 27 connected respectively to open ends 
of the outer frame 25. A cable housing 22 (see FIG. 2) 
is welded to the outer frame 25 and partly projects radi- 
ally outwardly through the outer cylinder 5. Leads (not 
shown) extend from motor coils disposed in the outer 
frame 25, pass through the cable housing 22, and are 
connected to secondary terminals (not shown) of a fre- 
quency converter 50 which is housed in a case 51 
mounted on the outer circumferential surface of the outer 
cylinder 5. The frequency converter 50 has primary ter- 
minals (not shown) connected to power supply cables. 

The canned motor 1 comprises a stator 28 and a 
rotor 29 which are disposed in the motor frame 24. The 
rotor 29 is supported on the main shaft 2 and positioned 
radially inwardly of a cylindrical can 30 that is fitted in the 
stator 28. Fluid guides 52 having radial flow passages 
are mounted respectively on the side frame plates 26, 
27 and positioned axiaily between the side frame plates 
26, 27 and the holders 46. The open ends of the partition 
walls 15 are held by the fluid guides 52. 

Bearing housings 31 , 32 are detachably mounted in 
the respective side frame plates 26. 27. The bearing 
housings 31 , 32 hold radial bearings 33, 34 respectively 
therein. A shaft sleeve 35 fitted over the main shaft 2 is 
rotatably supported by the radial bearing 33, and a shaft 
sleeve 36 fitted over the main shaft 2 is rotatably sup- 



ported by the radial bearing 34. The bearing housings 
31 , 32 and the side frame plates 26, 27 are fixed to each 
other by bearing housing ends dearance-f rtted in sock- 
ets in the side frame plates 26, 27 and resilient O-rings 
5 37, 38 disposed in the bearing housing ends. 

The bearing housing 32 also holds a stationary 
thrust bearing 39. The radial bearing 34 has an end face 
doubling as a stationary thrust sliding member. A rotat- 
able thrust bearing 43 as a rotatable thrust sliding mem- 
10 ber and a rotatable thrust bearing 44 are positioned one 
on each side of the radial bearing 34 and the stationary 
thrust bearing 39. The rotatable thrust bearing 43 is fixed 
to a thrust disk 45 mounted on the main shaft 2, and the 
rotatable thrust bearing 44 is fixed to a thrust disk 54 
is mounted on the main shaft 2. 

FIGS. 5 and 6 show the full -circumferential flow 
pump according to the first embodiment respectively in 
front elevation and side elevation. As shown in FIGS. 6A 
and 6B, the full-circumferential flow pump has the pump 
20 suction port 5a and the discharge port 1 0a positioned at 
its opposite sides. Legs 58 are fixed respectively to the 
suction and discharge flanges 12, 42, and extend down- 
wardly. The lower ends of the legs 58 are fixedly con- 
nected to a base 59 which is placed on a floor. 

Operation of the full-circumferential flow pump 
according to the first embodiment will be described 
below. 

A fluid drawn in from the pump suction port 5a is 
divided into two flows in the annular flow passage 40, 
and the fluid flows are introduced through the respective 
fluid guides 52 into the impellers 3A, 3B. The fluid flows 
are then discharged from the impellers 3A, 3B, and intro- 
duced through the respective guide vanes 47 into the 
impellers 4A, 4B. After pressurized by the impellers 4A, 
4B, the fluid flows are guided by the return guide vanes 
48 and then discharged from the respective discharge 
openings 15a of the partition walls 15. The fluid flows 
discharged from the discharge openings 15a pass 
through the respective discharge windows 5b, 5c in the 
outer cylinder 2 into the discharge case 10 where the 
fluid flows are merged with each other. The fluid in the 
discharge case 10 is thereafter discharged from the 
pump discharge port 10a and the discharge nozzle 1 1. 

With the arrangement of the first embodiment, the 
outer frame 25 of the motor frame 24 is fully drcumfer- 
entially surrounded by the fluid that is drawn into the 
pump. Therefore, the outer frame 25 is subject to a uni- 
form pressure and will not be strained or deformed irreg- 
ularly. The partition walls 15 held against the inner 
drcumferential surface of the outer cylinder 5 separate 
the interior space of the outer cylinder 5 into a suction 
pressure region on the suction side of the pump units 
and a discharge pressure region on the discharge side 
of the pump units, thus uniformizing a pressure distribu- 
tion both radially and drcumferentially in the outer cylin- 
der 5. Since only a suction pressure, i.e., the pressure 
under which the fluid is drawn into the pump, is exerted 
in rotor chambers defined axiaily one on each side of the 
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rotor 29, the pump can be used in applications under high 
discharge pressures. 

The partitions 15 are supported on the end covers 
6, 7 by respective stays 60. Since the stays 60 are 
required only when the pump is assembled and the par- 5 
titions 15 are pressed toward the motor 1 under the dis- 
charge pressure while the pump is in operation, it is not 
necessary to fasten the stays 60 with bolts or other spe- 
cial fastening members. 

Inasmuch as the resilient seal members 1 6 such as 10 
of rubber are interposed between the inner circumferen- 
tial surface of the outer cylinder 5 and the outer circum- 
ferential surfaces of the partition walls 15, the partition 
walls 1 5 can be detachably mounted in the outer cylinder 
5, and the interior space of the outer cylinder 5 is reliably is 
separated into the suction pressure region and the dis- 
charge pressure region. 

Furthermore, the end covers 6, 7 removably 
mounted on the respective opposite ends of the outer 
cylinder 5 allow the internal mechanisms of the pump to 20 
be inspected and serviced for maintenance without the 
need for detaching pipes connected to the pump. The 
pump with the canned motor 1 incorporated as shown 
has sliding parts such as the bearings, the liner rings, 
etc. that are to be mainly inspected and serviced for 25 
maintenance. The structure according to thef irst embod- 
iment makes it possible to remove sliding or rotating 
parts, bearings, and other internal mechanisms from the 
canned motor 1 and the outer cylinder 5 without the need 
for removing the pipes, once the end covers 6, 7 are 30 
detached from the outer cylinder 5. 

Since the full-circumferential flow pump is of the dou- 
ble-suction type, it can handle the fluid with the two pump 
units and has a specific speed of Ns = 1/2 1/2 . The 
impellers are composed of substantially two-dimen- 35 
sional blades which can be pressed to shape with ease. 
It is known that as the speed of the fluid at the suction 
ports of the impellers increases, the suction capability of 
the pump is lowered when the pump operates at a suc- 
tion condition. However, the pump according to this 40 
embodiment is advantageous with respect to the prob- 
lem of such a reduced suction capability because the 
double-suction pump can handle the fluid with the two 
pump units. 

The fluid being handled by the pump can flow into 45 
and out of the rotor chambers. Since the canned motor 
is cooled by the fluid, therefore, the canned motor may 
be reduced in size. The rotor chambers and the pump 
units are not required to be sealed in a fluid-tight manner. 
Inasmuch as axial thrust forces produced on the shaft by so 
the pump units are balanced in the double-suction pump, 
the load capacity of the bearings can be reduced. The 
balanced thrust forces produced on the shaft permit the 
bearing housings 31. 32 and the motor frame 24 to be 
fixed together through a simple structure which is com- ss 
posed of the bearing housing ends clearance-fitted in 
sockets in the side frame plates 26, 27 and resilient O- 
rings 37, 38 disposed in the bearing housing ends. This 
structure allows the bearings to be self-centered, and 
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does not require surrounded parts to be machined with 
high accuracy. 

The double-suction pump according to this embod- 
iment is highly advantageous for use at high rotational 
speeds of 4000 rpm or more from the standpoints of 
hydraulic design considerations and axial thrust loads. 

Moreover, because a complete pressure balance is 
achieved between the rotor chambers, no slurry is drawn 
into the rotor chambers. Consequently, the pump is of a 
structure highly resistant to slurry. 

In the first embodiment, the frequency converter 50 
is fixedly mounted on the outer circumferential surface 
of the outer cylinder 5, and covered with the case 51 . As 
the frequency converter 50 is secured to the outer cylin- 
der 5 with which the fluid is held in contact, the frequency 
converter 50 is efficiently cooled by the outer cylinder 5. 
Highly integrated circuits such as those incorporated in 
the frequency converter 50 are generally susceptible to 
external stresses and vibrations. Therefore, the fre- 
quency converter 50 should be mounted on the outer cir- 
cumferential surface of the outer cylinder 5, to which only 
the suction pressure is applied, for higher reliability, 
rather than being mounted in a region where the dis- 
charge pressure is applied. 

In the first embodiment, moreover, plugs 56 are 
detachably mounted coaxially on the respective end cov- 
ers 6. 7 which openably close the opposite open ends of 
the outer cylinder 5. The plugs 56 allow the rotatable 
parts to be confirmed for manual rotation without the 
need for detaching the end covers 6, 7. Specifically, after 
the plugs 56 are removed, a screwdriver bit is inserted 
in a slot in the ends of the main shaft 2. After it has been 
confirmed that the main shaft 2 can be manually rotated 
with the screwdriver bit, the plugs 56 may be installed 
again on the end covers 6, 7. 

The pump units disposed axially one on each side 
of the canned motor 1 may be of designs capable of han- 
dling different flow rates. For example, if pump units hav- 
ing nominal flow rate ratios of 1 and 1.6 are combined, 
then it is possible to provide pumps capable of handling 
flow rates of 2 (1 + 1), 2.6 (1 + 1.6), and 3.2 (1 .6 + 1 .6). 

The discharge case 10 prevents air from being 
trapped therein, and hence the pump is free from oper- 
ation failures which would otherwise occur due to air 
traps. As no header pipe is required to connect the dis- 
charge windows 5b, 5c, the pump units can be inspected 
and serviced for maintenance without the need for 
removing the pipes. 

ff a multi-stage full -circumferential flow pump of the 
double-suction type is constructed according to the prin- 
ciples of the present invention, then outer circumferential 
flow paths are defined around the partition walls 15, and 
the discharge case 1 0 is disposed over the outer circum- 
ferential flow paths. This arrangement makes it possible 
to reduce the overall length of the multi-stage full-circum- 
ferential flow pump. 

FIG. 7 shows a full -circumferential flow pump 
according to a second embodiment of the present inven- 
tion. Those parts shown in FIG. 7 which are structurally 



EP 0 719 940 A1 



5 



BNSDOCID: <EP 0719940A1_I_> 



9 



EP 0 719 940 A1 



10 



or functionally identical to those shown in FIGS. 1 and 2 
are denoted by identical reference numerals, and will not 
be described in detail below. 

As shown in FIG. 7, the full -circumferential flow 
pump according to the second embodiment is of the sin- 
gle-suction type and has a canned motor 1 disposed cen- 
trally therein and a pair of impellers 3B, 4B mounted on 
an end of a rotatable main shaft 2 of the canned motor 
1 , each of the impellers 3B, 4B having a suction port 
opening axially inwardly. No impellers are mounted on 
the other end of the main shaft 2, hence no partition wall 
is disposed in a corresponding end of the outer cylinder 
5. Other structural details of the full-circumferential flow 
pump shown in FIG. 7 are essentially the same as those 
of the full-circumferential flow pump shown in FIGS. 1 
and 2. 

The full-circumferential flow pump of the single-suc- 
tion type shown in FIG. 7 operates as follows: 

A fluid drawn in from the pump suction port 5a is 
introduced into the annular flow passage 40, and then 
introduced from the annular flow passage 40 through the 
fluid guide 52 into the impellers 3B. The fluid is then dis- 
charged from the impeller 3B, and introduced through 
the guide vane 47 into the impeller 4B. After pressurized 
by the impeller 4B, the fluid is guided by the return guide 
vane 48 and then discharged from the discharge opening 
1 5a of the partition wall 1 5. The fluid discharged from the 
discharge opening 15a passes through the discharge 
window 5c in the outer cylinder 2 into the discharge case 
10. The fluid in the discharge case 10 is thereafter dis- 
charged from the pump discharge port 10a and the dis- 
charge nozzle 11. While the fuli-circumferential flow 
pump of the single-suction type according to the first 
embodiment does not offer those advantages which are 
peculiar to the full-circumferential flow pump of the dou- 
ble-suction type according to the first embodiment, other 
advantages offered by the full-circumferential flow pump 
of the single-suction type according to the second 
embodiment are the same as those of the full-circumfer- 
ential flow pump of the double-suction type according to 
the first embodiment. 

FIG. 8 shows a full-circumferential flow pump 
according to a third embodiment of the present invention. 
Those parts shown in FIG. 8 which are structurally or 
functionally identical to those shown in FIGS. 1 and 2 are 
denoted by identical reference numerals, and will not be 
described in detail below. 

As shown in FIG. 8, the full-circumferential flow 
pump according to the third embodiment, which is a sub- 
mersible pump, has no pump suction port in the outer 
cylinder 5, but has a strainer 5s having a plurality of suc- 
tion openings defined in the outer cylinder 5. The outer 
cylinder 5 has a discharge window 5b and a passage 
window 5e which are defined therein that are connected 
to each other by a collection pipe 70 mounted on the 
outer circumferential surface of the outer cylinder 5. An 
end cover 6 fixed to an end of the outer cylinder 5 by 
flanges 8, 9 has a discharge nozzle 6a with a discharge 
flange 1 2 fixed thereto. Other structural details of the full- 



circumferential flow pump shown in FIG. 8 are essentially 
the same as those of the full-circumferential flow pump 
shown in FIGS. 1 and 2. 

The submersible full-circumferential flow pump of 
5 the single-suction type shown in FIG. 8 operates as fol- 
lows: 

A fluid drawn in from the strainer 5s is divided into 
two flows in the annular flow passage 40, and the fluid 
flows are introduced through the respective fluid guides 
10 52 into the impellers 3A, 3B. The fluid flows are then dis- 
charged from the impellers 3A, 3B, and introduced 
through the respective guide vanes 47 into the impellers 
4A, 4B. After pressurized by the impellers 4A, 4B, the 
fluid flows are guided by the return guide vanes 48 and 
15 then discharged from the respective discharge openings 
15a of the partition walls 15. The fluid flow discharged 
from one of the discharge openings 15a is discharged 
out of the pump through the discharge nozzle 6a of the 
end cover 6, and the fluid flow discharged through the 
20 other discharge opening 15a passes through the dis- 
charge window 5b into the collection tube 70. Then, the 
fluid flow flows through the passage window 5e into a 
space surrounded by an end of the outer cylinder 5, the 
end cover 6, and the corresponding partition wall 1 5, and 
25 thereafter is discharged out of the pump through the dis- 
charge nozzle 6a of the end cover 6. 

Since the outer cylinder 5, the outer frame 25. and 
the rotor chambers are subject to only the water pressure 
at the depth to which the pump is submerged in water, 
30 the submersible pump according to the third embodi- 
ment is useful in applications under high discharge pres- 
sures. Other advantages offered by the submersible full- 
circumferential flow pump of the double-suction type 
according to the third embodiment are the same as those 
of the full-circumferential flow pump of the double-suc- 
tion type according to the first embodiment. 

Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

ft should be noted that the objects and advantages 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 

A full-circumferential flow pump comprising: 
an outer cylinder; 

a motor housed in said outer cylinder, said motor 
having a motor frame, a stator disposed in said motor 
frame, a main shaft, a rotor mounted on said main shaft 
and rotatably disposed in said stator, said outer cylinder 
defining an annular space defined around said motor 
frame, said outer cylinder having a suction port defined 
therein for introducing a fluid therethrough into said 
annular space and a discharge window defined therein 
for discharging a fluid therethrough; 

a pump unit having an impeller mounted on an 
end of said main shaft for pumping a fluid; and 
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a discharge case mounted on an outer circumfer- 
ential surface of said outer cylinder and having a dis- 
charge port for discharging a pumped fluid therethrough 
and through said discharge window. 

The full-circumferential flow pump 

, further comprising a partition wall disposed in 
said outer cylinder and housing said pump unit, said par- 
tition wall separating an interior space of said outer cyl- 
inder into a suction pressure region and a discharge 
pressure region. 

The full-circumferential flow pump 

further comprising a resilient seal member inter- 
posed between an inner circumferential surface of said 
outer cylinder and said partition wall. 

The full-circumferential flow pump 

, wherein said partition wall has a portion for 
retaining said resilient seal member against dislodgment 
from the partition wall. 

The full-circumferential flow pump 

, wherein said outer cylinder includes a bar 
extending axially across said discharge window. 

The full-circumferential flow pump , wherein 

said outer cylinder includes an enlarged cylinder portion 
in said discharge pressure region. 

The full-circumferential flow pump , wherein 

said discharge window has a circumferential width sub- 
stantially equal to a width of said discharge case so that 
air is not be trapped in said discharge case. 

The full-circumferential flow pump 

, further comprising a pair of end covers remova- 
bly mounted on respective opposite ends of said outer 
cylinder. 

The full-circumferential flow pump 

, further comprising a plug removably mounted on 
said end cover for confirming manual rotation of said 
main shaft. 

The full-circumferential flow pump 

, further comprising a frequency converter 
mounted on an outer circumferential surface of said outer 
cylinder. 

A full-circumferential-flow double-suction pump 
comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said motor 
having a motor frame, a stator disposed in said motor 
frame, a main shaft, a rotor mounted on said main shaft 
and rotatably disposed in said stator, said outer cylinder 
defining an annular space defined around said motor 
frame, said outer cylinder having a suction port defined 
therein for introducing a fluid therethrough into said 
annular space and a pair of discharge windows defined 
therein for discharging a fluid therethrough; 

a pair of pump units mounted on respective oppo- 
site ends of said main shaft for pumping a fluid, said 
pump unit having an impeller; and 

a discharge case mounted on an outer circumfer- 
ential surface of said outer cylinder and having a dis- 
charge port for discharging a pumped fluid therethrough 
and through said discharge windows. 



The full-circumferential-flow double-suction pump , 
further comprising a pair of partition walls disposed in 
said outer cylinder and housing said pump units, respec- 
tively, said partition walls separating an interior space of 

5 the outer cylinder into a suction pressure region and a 
discharge pressure region. 

The full-circumferential-flow double-suction pump , 
further comprising a pair of end covers removably 
mounted on respective opposite ends of said outer cyl- 

10 inder. 

The full-circumferential-flow double-suction pump , 
wherein each of said discharge windows has a circum- 
ferential width substantially equal to a width of said dis- 
charge case so that air is not trapped in said discharge 
is case. 

The full -circumferential -flow double-suction pump 
according to claim 1 1 , wherein said motor comprises a 
canned motor, and has a bearing housing supporting a 
bearing by which said main shaft is rotatably supported, 
20 said bearing housing and said motor frame being fixed 
to each other by a clearance-f it with a resilient O-ring dis- 
posed therebetween. 

The full-circumferential-flow double-suction pump , 
wherein said motor is rotatable at a speed of not less 
25 than 4000 rpm. 

The full-circumferential-flow double-suction pump . 
wherein said impeller has blades made of sheet metal. 

The full-circumferential-flow double-suction pump , 
wherein said pump units have the same shut-off head 
30 but different flow rates. 

A full-circumferential flow pump comprising: 
an outer cylinder; 

a motor housed in said outer cylinder, said motor 
having a motor frame, a stator disposed in said motor 
frame, a main shaft, a rotor mounted on said main shaft 
and rotatably disposed in said stator, said outer cylinder 
defining a flow passage defined around said motor 
frame, said outer cylinder having a pump suction port 
defined therein for introducing a fluid therethrough into 
said annular space; and 

a pump unit having an impeller mounted on an 
end of said main shaft. 

A full-circumferential flow double-suction pump 
comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said motor 
having a motor frame, a stator disposed in said motor 
frame, a main shaft, a rotor mounted on said main shaft 
and rotatably disposed in said stator, said outer cylinder 
defining an annular space defined around said motor 
frame, said outer cylinder having a pump suction port 
defined therein for introducing a fluid therethrough into 
said annular space; and 

a pair of pump units mounted on respective oppo- 
site ends of said main shaft, said pump unit having an 
impeller. 

A submersible double-suction pump comprising: 
an outer cylinder; 

a motor housed in said outer cylinder, said motor 
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having a motor frame, a stator disposed in said motor 
frame, a main shaft, a rotor mounted on said main shaft 
and rotatably disposed in said stator, said outer cylinder 
defining an annular space defined around said motor 
frame, said outer cylinder having a plurality of suction 5 
openings defined therein for introducing a fluid there- 
through into said annular space; and 

a pair of pump units mounted on respective oppo- 
site ends of said main shaft, said pump unit having an 
impeller. ^ 1Q 

The submersibledouble-suction pump , further com- 
prising a collection pipe mounted on an outer circumfer- 
ential surface of said outer cylinder for collecting the fluid 
pressurized by said impellers on the respective opposite 
ends of said main shaft. 75 

Claims 

1 . A full-circumferential flow pump comprising: 

an outer cylinder; 20 
a motor housed in said outer cylinder, said 
motor having a motor frame, a stator disposed in 
said motor frame, a main shaft, a rotor mounted on 
said main shaft and rotatably disposed in said stator, 
said outer cylinder defining an annular space 25 
defined around said motor frame, said outer cylinder 
having a suction port defined therein for introducing 
a fluid therethrough into said annular space and a 
discharge window defined therein for discharging a 
fluid therethrough; 30 

a pump unit having an impeller mounted on 
an end of said main shaft for pumping a fluid; and 

a discharge case mounted on an outer cir- 
cumferential surface of said outer cylinder and hav- 
ing a discharge port for discharging a pumped fluid 35 
therethrough and through said discharge window. 

2. The full-circumferential flow pump according to 
claim 1 , further comprising a partition wall disposed 

in said outer cylinder and housing said pump unit, 40 
said partition wall separating an interior space of 
said outer cylinder into a suction pressure region 
and a discharge pressure region. 

3. The full-circumferential flow pump according to 45 
claim 2, further comprising a resilient seal member 
interposed between an inner circumferential surface 

of said outer cylinder and said partition wall. 

4. The full-circumferential flow pump according to any so 
of the preceeding claims, wherein said partition wall 
has a portion for retaining said resilient seal member 
against dislodgment from the partition wall. 

wherein preferably said outer cylinder 
includes a bar extending axially across said dis- $5 
charge window, 

wherein preferably said outer cylinder 
includes an enlarged cylinder portion in said dis- 
charge pressure region. 



wherein preferably said discharge window 
has a circumferential width substantially equal to a 
width of said discharge case so that air is not be 
trapped in said discharge case, 

further preferably comprising a pair of end 
covers removably mounted on respective opposite 
ends of said outer cylinder, 

further preferably comprising a plug remova- 
bly mounted on said end cover for confirming man- 
ual rotation of said main shaft, and 

further preferably comprising a frequency 
converter mounted on an outer circumferential sur- 
face of said outer cylinder. 

5. A full-circurrrferential-flow double-suction pump 
comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said 
motor having a motor frame, a stator disposed in 
said motor frame, a main shaft, a rotor mounted on 
said main shaft and rotatably disposed in said stator, 
said outer cylinder defining an annular space 
defined around said motor frame, said outer cylinder 
having a suction port defined therein for introducing 
a fluid therethrough into said annular space and a 
pair of discharge windows defined therein for dis- 
charging a fluid therethrough; 

a pair of pump units mounted on respective 
opposite ends of said main shaft for pumping a fluid, 
said pump unit having an impeller; and 

a discharge case mounted on an outer cir- 
cumferential surface of said outer cylinder and hav- 
ing a discharge port for discharging a pumped fluid 
therethrough and through said discharge windows. 

6. The full-circumferential-flow double-suction pump 
according to claim 5, further comprising a pair of par- 
tition walls disposed in said outer cylinder and hous- 
ing said pump units, respectively, said partition walls 
separating an interior space of the outer cylinder into 
a suction pressure region and a discharge pressure 
region, 

further preferably comprising a pair of end 
covers removably mounted on respective opposite 
ends of said outer cylinder, 

wherein preferably each of said discharge 
windows has a circumferential width substantially 
equal to a width of said discharge case so that air is 
not trapped in said discharge case, 

wherein preferably said motor comprises a 
canned motor, and has a bearing housing support- 
ing a bearing by which said main shaft is rotatably 
supported, said bearing housing and said motor 
frame being fixed to each other by a clearance-fit 
with a resilient O-ring disposed therebetween, 

wherein preferably said motor is rotatable at 
a speed of not less than 4000 rpm, 

wherein said impeller has blades made of 
sheet metal, and 
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wherein preferably said pump units have the 
same shut-off head but different flow rates. 

7. A full-circumferential flow pump comprising: 

an outer cylinder; s 

a motor housed in said outer cylinder, said 
motor having a motor frame, a stator disposed in 
said motor frame, a main shaft, a rotor mounted on 
said main shaft and rotatably disposed in said stator, 
said outer cylinder defining a flow passage defined 10 
around said motor frame, said outer cylinder having 
a pump suction port defined therein for introducing 
a fluid therethrough into said annular space; and 

a pump unit having an impeller mounted on 
an end of said main shaft. is 

8. A full-circumferential flow double-suction pump 
comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said 20 
motor having a motor frame, a stator disposed in 
said motor frame, a main shaft, a rotor mounted on 
said main shaft and rotatably disposed in said stator, 
said outer cylinder defining an annular space 
defined around said motor frame, said outer cylinder 25 
having a pump suction port defined therein for intro- 
ducing a fluid therethrough into said annular space; 
and 

a pair of pump units mounted on respective 
opposite ends of said main shaft, said pump unit 30 
having an impeller. 

9. A submersible double-suction pump comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said 35 
motor having a motor frame, a stator disposed in 
said motor frame, a main shaft, a rotor mounted on 
said main shaft and rotatably disposed in said stator, 
said outer cylinder defining an annular space 
defined around said motor frame, said outer cylinder 40 
having a plurality of suction openings defined therein 
for introducing a fluid therethrough into said annular 
space; and 

a pair of pump units mounted on respective 
opposite ends of said main shaft, said pump unit 45 
having an impeller , and further preferably compris- 
ing a collection pipe mounted on an outer circumfer- 
ential surface of said outer cylinder for collecting the 
fluid pressurized by said impellers on the respective 
opposite ends of said main shaft. so 

10. A pump comprising: 

an outer cylinder; 

a motor housed in said outer cylinder, said 
outer cylinder having a suction port defined therein 55 
for introducing a fluid therethrough; 

a pump unit having an impeller mounted on 
an end of said main shaft for pumping a fluid; and 

a discharge case. 
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